An oligonucleotide "melting" procedure was developed whereby we can monitor for a sequence heterogeneity in the gene for apolipoprotein E production. Two oligonucleotides were synthesized, one recognizing the common #{128}3 allele but not the common #{128}2 allele, the other recognizing the #{128}2 allele but not the #{128}3 allele. Samples from 15 subjects with different apolipoprotein E phenotypes as classified by isoelectnc focusingwere analyzed by thismethodfor the presenceof an Arg -* Cys substitution in position 158 of the apolipoprotein E amino acid sequence. In 14 of these subjects the genotype determined by oligonucleotide melting agreed with the phenotype identified by isoelectric focusing. In one patient, however, whose phenotype was E212 by isoelectricfocusing, the DNA hybridizedwith botholigonucleotides. We conclude that this patient has a mutation in one of his alleles for apolipoprotein E that differs from the frequently seen Arg -* Cys change. The apolipoprotein E gene may thus be more heterogeneous than previously anticipated.
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Apolipoprotein
(apo) E, the product of a single gene located on chromosome 19(1,2), is a 299-amino-acid protein with an apparent molecular mass of 34 kDa (3). 4 Three isoforms of apo E-E2, E3, and E4-which can be distinguished by isoelectric focusing (IEF), are commonly seen in the population (4, 6) . Isoform E2 differs from the most common isoform E3 by the replacement of Arg with Cys at position 158 of the amino acid sequence, and E4 differs from E3 by the replacement of Cys with Arg at position 112 (7) . An association has been found between homozygote camera of the E2 isoform and the development of type ifi hyperlipoproteinemia (8, 9). However, only one in 50 E2 homozygotes expresses this lipoprotein anomaly, which is closely related to the development of atherosclerotic vascular disease (4) . Two variant isoforms of E2 (E2*, E2**), which do not have the normal 158 ArgCys interchange (10, 11) 
Materials and Methods

Reagents
Agarose NA, dextran T 500, and dextran sulfate were from Pharmacia, Freiburg, F.R.G. Formamide was "gold label" quality, from Aldrich, Steinheim, F.R.G. Mixed-bed ion-exchanger "V" and triethylamine were from Merck, Darmstadt, F.RG., and acetonitrile (HPLC quality) was from Baker, Gro/3-Gerau, F.R.G. Radioactive 
Patients
Blood was obtained from patients of our ambulatory care unit, and from volunteer medical students. Subjects were preselected on the basis of their ape E phenotype as determined by isoelectric focusing. Subjects with an E2 allele are overrepresented because we wanted to differentiate between the common E2 allele and the common E3 allele. The IEF phenotypes and plasma lipid concentrations of the probands are given in Table 1 . DNA isolation. DNA was prepared from leukocytes by a method similar to the one reported by Geever et al. (15) . Leukocytes were resuspended in 3 mL of a buffer containing Ti-is HC1 (20 mmol/L, pH 7.9), EDTA (1 mmol/L), sodium acetate (0.3 mol/L), sodium dodecyl sulfate (2 g/L), and Proteinase K (EC 3.4.21.14; 170 mg/L). Incubation was at 48 #{176}C for 12-36 h.
Proteins were removed by three extractions each with phenollchloroformlisoamylalcohol (25/24/1 by vol), then chloroformlisoamyl alcohol (24/1 by vol). DNA was precipitated by the addition of 2.5 volumes of chilled (-20 #{176}C)
ethanol, centrifuged (2000 x g for 5 miii), and the supernatant ethanol discarded. After an additional wash with a 700 milL aqueous solution of ethanol, we dried the precipitate in a Speed-Vac concentrator.
We resolubiized the pellet in 1.5 mL of Tris-EDTA buffer (pH 7.6; per liter, 10 mmol of Ti-is HC1 and 1 mmol of EDTA), then added 5 tL of an RNAse A solution (10 g of RNAse A and 10 mmol of Tris HC1 per liter of isotonic saline, pH 7.5) and incubated the mixture at 37#{176}C for 2-18 h. After adding Proteinase K to a final concentration of 170 mg/L, we incubated the mixture overnight at 48#{176}C. Extraction, precipitation, and drying were done as described above. The pellet was resolubilized in sterile water and the concentration of DNA was determined by measuring the absorbance at 260 nm. The total yield from 25 mL of blood ranged between 400 and 800 ,ug of gel. The oligonucleotides were located by autoradiography, cut out of the gel, and eluted from the crushed gel matrix by overnight incubation at room temperature in Tha-EDTA buffer. Specific activities found ranged from 1.5 x 10 to 4.0 x i0 counts/mm per microgram of oligonucleotide, as calculated by assuming 100% recovery of the oligonucleotides from the gel. cDNA for ape E (a gift from P. Frossard, California Biotechnology Inc., Palo Alto, CA) was labeled with P by using the nick translation kit from New England Nuclear according to the suppliers instructions, then purified by chromatography on a 10-mL column of Sephadex G 50 F (Pharmacia), with Tris-EDTA buffer as mobile phase.
Preparation of the hybridization matrix. Genomic DNA was cut with the restriction endonuclease Apa I so that the sequence of interest was contained in a 2.1-kb-long fragment, whose location on the membrane was identified by hybridization with ape E cDNA. The fragments were electrophoresed on 10 g/L agarose gel in Tris acetate buffer (pH 8.0; per liter, 40 mmol of Ti-is acetate and 1 mmol of EDTA). We transferred the DNA to mtrocellulose by the procedure of Southern (16), using 10-fold concentrated SSC (SSC = isotonic saline, pH 7.0, containing 15 mmol of sodium citrate per liter). Transfer to nylon membranes was done by electroblottung (17). On nitrocellulose the DNA was fixed by baking, whereas the fixation on nylon membranes was by ultraviolet irradiation (18). Rehybridi.zation.
After the autoradiography, we removed the labeled probes by incubating the used ifiters in a plastic bag with, per square centimeter of filter surface area, 0.3 niL of formamide/SSC solution (500 niL of formamide per liter and fivefold-diluted SSC) at 65 #{176}C for 1-2 h. Subsequently, the ifiters were rinsed in twofold-concentrated SSC at 65#{176}C and hybridized with a new probe exactly as described above.
Other proced ures. Isoelectric focusing of ape E was carried out as described (6). Very-low-density lipoprotein (VLDL) were isolated by ultracentrifugation at serum density (6). Triglycerides, cholesterol, and the presence of /3-VLDL in plasma were measured as described before (9).
Results
The oligonucleotides used in this study were chosen to give energetically favorable adenine/cytosine mismatches (20) for hybridization to the nonmatching allele. We synthesized two 21-mer oligonucleotides, one with a base sequence identical to the sense strand of the e3 allele (termed 158 Arg) and the other identical in sequence with the opposite strand of the e2 allele (termed 158 Cys). For considerations of thermodynamics the sites for expected mismatches were chosen to be near the centers rather than at edges of the oligonucleotides (21). Figure 1 shows the exact base composition of the oligonucleotides used in this study. For each of the oligonucleotides, stringent washing conditions were determined empirically by increasing and decreasing the temperature of the washing solution by 3#{176}C at a time, starting at a temperature calculated by the method of Suggs et al. (22) . As shown in Figure 2 , for the 158 Cys oligonucleotide the best results were achieved at 63 #{176}C. The result was the same for the 158 Arg probe. Although nitrocellulose membranes and nylon membranes both showed a good reproducibility, we preferred nitrocellulose, for its better signal-to-background ratio (data not shown). We analyzed for their ape E genotypes the DNAs from the 15 subjectslisted in Table 1 . 
Discussion
This oligonucleotide melting procedure allows the identification of two commonly occurring alleles of apolipoprotein E: the #{128}3 allele with an Arg (codon CGC) in position 158 of the amino acid sequence and the #{128}2 allele having a Cys (TGC) in this position. Unlike IEF, this procedure does not reflect the overall charge of the plasma protein; rather, it discriminates between the codons of two distinct amino acids, previously demonstrated to provide the structural basis for the difference between the #{128}3 and the #{128}2 allele (13,
23,24).
In recent years eight uncommon mutants of ape E have been identified through their unusual isoelectric points -2,1kb-. E4 (112 Cys -Arg), E3, E2*, and E2** isoforms (29) , which cannot be distinguished by use of this technique. A drawback of IEF is that only the isoelectric point of ape E, reflecting total charge, can be assessed for determinations of variance. The oligonucleotide melting procedure generates more precise information, by detecting a base exchange that leads to an amino acid substitution known to be critical in receptor binding of ape E (10). The observation of an Arg+/Cys+ genotype clearly means that a person with this genotype carries two different ape E alleles, one with thymine and one with cytosine in position 472 of the nucleic acid sequence (13). The interpretation of an observed homezygosity, however, is a little uncertain, because we cannot distinguish between homozygosity and heterozygosity for a certain allele. Consequently, falsely negative results can be obtained in the rare event of a different mutation having occurred within the recognition sequence of the oligonucleotide, thereby preventing hybridization.
Combining IEF and oligonucleotide melting to characterize the ape E gene provides the advantages of each approach. All charge mutants that do not occur within the 21-base-pair region of the gene that is complementary to the oligonucleotides will inevitably produce discordant allele assignments. Thus, the oligonucleotide melting procedure is a helpful tool in the identification of ape E mutants. The combined analysis of 15 ape E genes and their respective ape E phenotyes, summarized in Table 1 and Figure 4 , has permitted the identification of an uncommon ape E allele, #{128}2 (472-4 CCC). Whether the structure of this variant differs from that of previously described mutants (E2*, E2**), or whether it is transcribed at all, is not known.
Gene analysis, or analysis of amino acid sequence, is needed for the definite assignment of the mutation in this variant.
We believe that more uncommon alleles of ape E can be identified by this procedure.
Future analysis of ape E mutants identified by this procedure may eventually lead to an understanding of the patho-physiological processes involved in type ifi hyperlipeproteinemia.
